Background and Purpose-Ischemic stroke incidence has declined in industrialized countries the last decades, with possible exception for the youngest age groups. We estimated age-and sex-specific trends in incidence and case fatality of firstever ischemic stroke between 1977 and 2010 in a Norwegian municipality. Methods-Age-adjusted time trends in incidence from 1977 to 2010 were estimated by fractional polynomial and Poisson regression, and case fatality by logistic regression in 36 575 participants of the population-based Tromsø Study. Results-There were 1214 first-ever ischemic strokes within a total follow-up time of 611 176 person-years. The overall age-and sex-adjusted incidence decreased by 24% in 1995 to 2010. In women aged 30 to 49 years, the incidence increased significantly from 1980 to 2010. In men aged 30 to 49 years, there was a nonsignificant, rising trend from 1977 to 2010. Men aged 50 to 64 years had similar incidence in 2010 compared with 1989. From the mid-1990s to 2010, the incidence declined significantly in women aged 50 to 74 years and in men aged 65 to 74 years, but remained stable in those aged ≥75 years. Case fatality decreased significantly in men aged 30 to 84 years from 1995 to 2010, whereas there was no significant change in women. Conclusions-Age-adjusted incidence of first-ever ischemic stroke increased in young women, declined in women aged 50 to 74 years and men aged 65 to 74 years and remained stable among the oldest. Case fatality declined in men aged 30 to 84 years, but not in women. 
I
ncidence, mortality, and case fatality of ischemic stroke have declined substantially in industrialized countries the last decades. 1 A study from the WHO-MONICA (the World Health Organization Monitoring Trends and Determinants in Cardiovascular Disease) project found that reduction in stroke mortality is mainly explained by lower case fatality, but trends in case fatality vary in different populations. 2, 3 A meta-analysis by Feigin et al concluded that the declining trends in stroke mortality are mainly caused by a lower stroke incidence. 1 However, time trends in incidence are not uniform between countries or across age strata. [4] [5] [6] [7] There is particularly concern about a possible increasing incidence of stroke in the youngest age groups. 4, 5, 8 This study aimed to estimate age-and sex-specific trends in incidence and case fatality of first-ever ischemic stroke between 1977 and 2010 in a Norwegian municipality.
Materials and Methods
The Tromsø Study is an on-going population-based, prospective cohort study conducted in the municipality of Tromsø, Norway, with 6 repeated health screening surveys between 1974 and 2008 (Table 1) . 9 A total of 40 051 (74.5% of the invited) have participated in at least one of the surveys. In the present study, we included 36 575 individuals aged ≥30 years without previous ischemic or unclassifiable stroke (see detailed description in the online-only Data Supplement). Because the oldest birth cohorts were included at a later point of time than the younger ones, the time periods for the trend analyses and incidence rates were different for each age group (Table 1 ). All first-ever events of stroke were identified by linkage to the diagnosis registries at the University Hospital of North Norway (outpatient diagnoses included) and to the National Causes of Death Registry at Statistics Norway. All possible stroke events were validated by an independent end point committee. The hospital medical records were retrieved for case validation. Information from the National Causes of Death Registry and from death certificates was used to collect relevant information about the event from additional sources, such as autopsy reports and records from nursing homes, ambulance services, and general practitioners.
Ischemic stroke (IS) was defined according to the WHO definition as rapidly developing clinical signs of focal or global disturbance of cerebral function, with symptoms lasting ≥24 hours or leading to death with no apparent cause other than vascular origin, and when computed tomography, magnetic resonance imaging, or autopsy had
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ruled out intracerebral or subarachnoid hemorrhage. 10 Strokes were categorized as unclassifiable when none of these procedures had been done in the acute stage. Follow-up time was assigned from the date of inclusion until the date of first-ever IS, emigration from Tromsø, death, or through December 31, 2010, whichever came first. Case fatality was defined as the proportion of stroke patients who died during the first 30 days after stroke onset. The participants gave written, informed consent to medical research. The Tromsø Study is approved by the Norwegian Data Inspectorate and the Regional Board of Medical and Health Research Ethics, North Norway.
Statistical Analysis
We analyzed the data with the statistical software STATA, version 12 and 13 (Stata Corp LP, TX). For each person, a new record was made for each year of follow-up by using the split function in STATA. Years were adjusted to a 365.25-day length, and the age of the participants was updated on July 1st for each year of follow-up. Sex-specific crude incidence rates (per 1000 person-years) were calculated for the age groups 30 to 49, 50 to 64, 65 to 74, 75 to 84, and ≥85 years by dividing the number of all events in the period of time by the corresponding person-years at risk. Trends in incidence rates were estimated by taking into account the possibility of nonlinearity. In each sex and age strata, calendar year was fitted by second-degree fractional polynomials and regressed on the incidence of stroke in Poisson regression models. Powers for fractional polynomials of calendar year were chosen from the set φ=(−2, −1, −1/2, 0, 1/2, 1, 2, 3). Forty-four different models were fitted and compared, 8 models with calendar year raised to each of the powers (degree 1) and 36 models when calendar year were included with 2 terms raised to all possible combinations of the chosen powers (degree 2). The stratified analyses were age-adjusted by including age as a continuous variable in the models. For each model, a likelihood ratio test statistic was calculated for the fractional polynomial terms (1 or 2 terms). We compared the best fractional polynomial model of degree 2 with the best model of degree 1 and selected the model with the best likelihood ratio test statistic. 11 The P value of the selected model represents the P value for the time trend.
Incidence rate ratio (IRR) was defined as the incidence rate in the last year of follow-up divided by the incidence rate in the first year. For all age groups, except women aged 30 to 49 years, IRR was calculated from start of follow-up through December 31, 2010. In women aged 30 to 49 years, IRR was calculated from 1989, when the first stroke occurred. Additional analyses were done with a combined end point of ischemic and unclassifiable stroke.
Crude case fatality rates were calculated for the time periods were assessed in separate sex-specific logistic regression models by including fractional polynomials of calendar year, with age included as a covariate. Age-adjusted odds ratios for case fatality were estimated for the years 2003 and 2010, using 1995 as the reference. Trends across age and sex were compared by including 2-way interaction terms between time and age and time and sex. A probability value of <0.2 was considered statistically significant for tests of interaction, whereas 5% 2-sided level of significance was used for all other analyses.
Results
There were 1214 incident IS among 36 575 participants with a total follow-up time of 611 176 person-years. The incidence rates increased by age, with higher crude incidence in men than in women in all periods ( Table 2 ). The overall age-and sex-adjusted incidence declined by 24% in 1995 to 2010 (IRR 0.76, 95% confidence interval 0.62−0.92; P for trend <0.001). The age-adjusted incidence decreased with 32% (IRR 0.68, 95% confidence interval 0.51−0.91; P for trend, 0.010) in women and 19% in men during the same period (IRR 0.81, 95% confidence interval 0.62−1.04; P for trend, 0.043). There was no significant interaction by age (P=0.87) or sex (P=0.84). For the age group 30 to 49 years, we found an increasing incidence in women and a nonsignificant rising trend in men (Figures 1 and 2 ; Table 3 ). The incidence in men aged 50 to 64 years increased from 1989 until the early 2000s followed by significant decline, resulting in no overall change between 1989 and 2010. Significantly decreasing incidences were seen in women aged 50 to 74 years and in men aged 65 to 74 years. The incidences did not change over time in subjects aged ≥75 years. Mean age at stroke onset was ≈4 years higher among women aged 30 to 84 years compared with men.
In the combined end point analyses, 77 unclassifiable strokes were included, giving 1291 first-time events. The time trends remained fundamentally unchanged (Table I in the online-only Data Supplement), but the IRRs were no longer significant in women aged 30 to 49 years.
Between 1995 and 2010, mean crude case fatality for IS in persons aged 30 to 84 years was 7% and 20% in participants ≥85 years. The trends over time differed by sex (P for interaction =0.07), but not by age (P for interaction =0.22). Age-adjusted case fatality of IS was higher for women than for men through the whole period. There was a continuous, significant declining case fatality among men aged 30 to 84 years. In women, a decline from 1995 to early 2000s was followed by an equivalent increase until 2010, leaving the ageadjusted case fatality rate unchanged in 2010 compared with 1995 (Table 4 ). In combined end point analyses, mean crude case fatality (1995-2010) was 8% in participants aged 30 to 84 years and 23% in those aged ≥85 years, and the time trends were attenuated (Table II in the online-only Data Supplement). Crude case fatality for unclassifiable strokes was 30% in participants aged 30 to 84 years and 63% in those aged ≥85 years.
Discussion
The increasing incidence of IS among women aged 30 to 49 years in our cohort is worrying. Although these findings must be interpreted with caution because of the low number of end points in this age group, they are in line with other studies reporting an increase in incidence for the youngest age groups. 5, 8, 12 In a prospective, population-based study from Dijon, the incidence of first-time IS among men and women <55 years increased significantly from the period 1994 to 2002 to the period 2003 to 2011. 8 The trends were consistent 5 A recent, nationwide study from Sweden found a continuous rising incidence of IS in people aged 18 to 44 years from 1987 to 2010. 12 Similarly, increasing incidence was revealed in a register-based study among Dutch men and women aged 35 to 64 years from 1997 to 2005. 4 A rise in the prevalence of hospitalization for IS in people <45 years of age from 1995 to 2008 was also discovered in a study based on administrative data from United States. 13 However, the trends were weak in some of the studies, which may increase the risk of publication bias.
The declining trends in incidence rate from the mid-1990s among women aged 50 to 74 years and men aged 65 to 74 years are in line with findings from other high-income populations. 3, 12, 14 The decrease is explained by the combined effect of reduction in risk factor levels and improved primary prevention. 3, 15, 16 The rising trend among men aged 50 to 64 years from 1989 to early 2000, followed by a decline until 2010, is difficult to interpret. An increasing incidence of first-ever stroke in persons aged <75 years from 1983 to 1985 to 1993 to 1995 was found in Lund-Orup, Sweden, with a stabilization throughout 2002. 17, 18 Rosengren et al found an increase in the IS incidence in people aged 45 to 64 years from the late 1980s to the late 1990s, followed by a decline to 2010. 12 In the ARIC (Atherosclerosis Risk in Communities) cohort, no decline in stroke incidence was found from 1987 to 2011 in the age group 45 to 64 years in contrast to a significant decreasing incidence above 65 years. 14 We found no significant change in incidence over time among participants aged 75 to 84 and ≥85 years, which was Figure 1 . Age-adjusted time trends in incidence rates of ischemic stroke in women stratified by age (note that axis scales differ by age group). Each dot represents annual incidence rate per 1000 person-years with best fitted regression lines (solid) and 95% confidence interval (dashed lines). P values are for time trends using fractional polynomials. 4 In contrast, studies from Sweden showed a significant declining trend of IS in subjects aged 75 to 84 from the mid-1990s to 2010 and a reduced stroke incidence in women ≥85 years old. 12, 19 Temporal trends in case fatality of IS in high-income countries have either declined in the last decades or remained stable. 1, 4, 6 Declining case fatality has been viewed as a measure of treatment effect for hospitalized strokes. 7, 19 It may also reflect a real decrease in stroke severity with time and increased detection of less severe strokes as a consequence of more computed tomography and magnetic resonance imaging. 7, 20 An equally declining case fatality for men and women are reported in some studies, 21, 22 whereas divergent time trends with greater reduction among men than women are found by others. 23 Compared with men, the lack of reduction in case fatality among women in our study is noteworthy. Whether the reasons are sex differences regarding time trends in stroke severity, comorbidity, or treatment effects still remains a question.
Strengths and Limitations
The strengths of this study are its population-based, prospective design, the inclusion of both hospitalized and nonhospitalized patients, standardized diagnostic criteria, rigorous validation of cases, and the high attendance rate. The lower attendance rate in the last survey gives rise to concern, but the relative contribution of this survey to total follow-up time is low because the recruitment took place only 2 to 3 years before end of follow-up. Selection bias may have affected estimates because nonattendees were younger, a higher proportion was single, and the proportion of men was higher compared with attendees. 9 Attendance rates were also lower in the elderly. We did not use a hot pursuit method of recruitment; thus case ascertainment may not be complete. Especially in the oldest ones, there may be an underestimation of crude incidence rates because of incomplete registration of nonhospitalized cases. Legal restrictions have precluded analyses of mortality or morbidity in nonattendees. Increased hospitalization rates for stroke and increased use of imaging with time may have resulted in relatively higher detection rates in the latest compared with the earliest years, resulting in an underestimation of incidence rates in the earliest part of the study period. The number of IS among those aged 30 to 49 were low in our study, with substantial random variation in estimated incidence rates. Lack of significant interaction by sex or age on the incidence trends indicates that there may be no real differences between men and women. However, our tests for interactions may lack power, and the different shapes of the curves by age group may indicate interaction by age. Furthermore, we had no information about the stroke severity and could therefore not evaluate the effect of possible changes in severity in the case fatality analyses. 
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